Theoretical calculations are made or the linewidth of nonoriented, polvcrystalline, hexacon ferrites with larize magnetic anisotropy fields, including both uniaxial and planar ferrites. The motivation for this work arises from ain attempt to rind an explanation as to why oriented pcolvcrystalline uniaxial ferrites have been found to have, in general, much wider linewid~th than that of planar ferrites.
INTRODUCTION
Data on the line•idth of oriented, polycrystalline, hexagonal ferrites with large magnetic anisotropy fielcs have shown that uniaxial ferrit~s (easy direction of magnetization along the C axis) have a considerably larger linewidth than that of planar ferritos (easy plane of magnetization perpendicular to the C axis).
For example, in work performed at Philipsion uniaxial barium and strontium ferrites of magnetoplumbite structure with aluminum or titanium-cobalt substitutions, the linewidth varied over a range of 1600 to 3300 oersteds for materials with anisotropies ranging from 7000 to 52,000 oersteds.
There'was no strong c rrelation between linewidth and anisotropy field. In work done at Sperry on uniaxial nickel-W compounds with cobalt substitutions, linewidth ranged from 2200-3000 oes for materials with anisotropies ranging from 7000 to 12,800 oersteds.
On the other hand, in work performe• by RCA on planar ferrites, a linewidth as low as 110 oersteds was obtained, and a large number of compounds had a linewidtha less than 500 oersteds.
It is very unlikely that the large linewidth of polycrystalline uniaxial ferrites is due to the crystal-lite's linewidth. Though relatively little work has been done on single crystals of hexagonal ferrites, a linewidth of 50 oersteds was achieved on a single crystal of barium ferrite 5 and on a single crystal of aluminum substituted strontium ferrite. 6 A lineiridth of 18 oersteds was obtained on a single crystal of planar ferrite Zn 2 Y.7 However, there has been considerably more research done on single crystals of Zn 2 Y ferrites than on those of uniaxial ferrites to reduce linewidth.
A major contribution to the linewidth of oriented hexagonal ferrites, both of uniaxial and planar types, was considered to be imperfect orientation. It was therefore desi -ble to study the extreme case of imperfect orientation, i.e., completely nonoriented materials, and compare the theoretically calculated linewidths of the uniaxial and planar ferrites for this case.
MT'HOD OF CALCULATION
This section contains only a brief outline of the method used to calculate the linewidth of the nonoriented uniaxial and planar ferrites. A detailed procedure is included in the appendix.
The nonoriented ferrite was ass~imed to be comnosed of small, singledomain crystallites whose C axes were randomly oriented over all possible solid angles.
It was further assumed that the crystal-lites did not interact with each other. Demagnetizing factors were disregarded for the sake of simplicity.
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Let us consider a resonant cavity containing the nonoriented ferrite. A biasing field is applied in a direction perpendicular to the rf magnetic field in the cavity. The resonant frequency of each crystallite will be determined by its anisotropy field, the biasing field, and the angle t' its C axis nmakes with the biasing field. At one particular angle 4!/. for a given biasing field, the resonant frequency of the crystallite will be exactly the same as the test frequency and have the maxia=nn interaction with the cavity. As the angle of the C axis departs from y• , the resonant frequency becomes imcreasingly different from the test frequency, and the interaction with the cavity decreases. We calculate the angles (ý$ and y' between which a crystallite must lL1e in order that its resonant frequency will differ from the test frequenc, by no more than a chosen anount. All crystallites within this angle are presumed to absorb energy equally; all other crystallites are presumed not to absorb energy. Let -FL be the solid angle subtended between the cones defined by (j, and (tJ.
. The loss term of magnetic susceptibility is proportional to L , and therefore a plot of J)-vs biasing field is a plot 6f the relative value of ' ", the loss term of susceptibility, vs biasing field. The linewidth is readily determined from such a curve.
DISCUSSION
A plot of X' (relative) for a nonoriented uniaxial ferrite is shown in Fig. 1 , and plots for nonoriented planar ferrites are shown in Fig. 2 . The abscissa in both figures is the shifted biasing field Ho-Hr, where Ho is the applied biasing field and Hr is the biasing field required for ferromagnetic resonance for a crystallite whose easy direction is parallel to the biasing field (for the uniaxial ferrite) or whose easy plane is parallel to the biasing field (for the planar ferrite).
A comparison of Fig. 1 and 2 shows that the linewidth of the nonoriented uniaxial ferrite is indeed very much larger than that of the planar ferrite. The most suitable comparison is between curve I of Fig. 2 and the curve in Fig. 1 , since both have approximately the same value of anisotropy field and the sane value of Hr. We note that the lýnewidth of the uniaxial ferrite is ,Itmost five times that of the planar ferrite.
The relatively narrow linewidth of nonoriented planar ferrites has been conlfirmed experimentally.
Sch.'6mann= 8 has reported a linewidth of 500 oersteds for a nonoriented zinc Y. Of six nonoriented planar ferrites measured here three had linevidths of 1500 oersteds or less.
It is interesting to find tvLmt completely nonoriented planar ferrites can have a Iinewidth narrower tIzaa thc narrowest line.,-idth that has up to now been obtained -with criented
Jjp.~ tiaxi~al ferritue.
An understanding as to why the linevidth of nonoriented uniaxial ferrites is so much greater than that of nonoriented p12na_-ferrites can be obtained fIrm the follow-ing reasoning. The =agnitude of 2L and hence the magnitude of the loss term of the susceptibility are nroportlnal to two factors. Let us consider the variation of the two factors as a function of biasing field. Factor 1 is maxim= when the biasing field is such that crystallites that are at ferromagnetic resonance are those whose easy direction of magnetization, or easy plane of magnetization (as applicable), is parallel to the biasing field. This biasing field has previously been designated as Hr. Factor 1 decreases as the biasing field is increased byeond H_. Thus, factor 1 is relatirely large when q) is close to 00 for the uniaxial ferrites and close to 90 for the planar ferrites.
The solid angle subtended between the cones defined by rL and (%• + is proportional to sin WA . Thus, factor 2 is small for biasing fields close to the Hr for uniaxial ferrites and increases as the biasing field is increased beyond Hr. Irr the case of planar ferrites, factor 2 is large for biasing fields close to Hr and decreases as the biasing field is incrcased beyond HrThUs, in the case of:' uniaxial ferrites, as thc biasing field is increased beyond H!r, factor 1 decreases and factor 2 increases. This tends to reduce the derendence of J'--on H-as the biasing field is increased beyond Hr -, nd results in a relatively broad linewidth.
in the case of the rlannr_ ferrites, hcwever, both. factors are large in the vicinity of H-, and both decrease as the biasirn field is increased beyond H._ Thus, there is a rela- oriented uia-ii ferrizes. In calculating the linevidth of nonoriented hexagonal ferrites., it was assumed that the ferrite was composed of small, single-domain, crystallites, whose C axes were randomly oriented over all possible solid angles. It was further asstuied that the crystallites did not interact with each other. Demagnetizing factors were disregarded for the sake of simpolicity.
RESON~AN~CE EQUAT'ION FOR CFYTALIJTIS 'Uniaxial Ferrites
In order to calculate the linewidth of nonoriented polycrystalline ferrites, it is necessary to det~rminc the resonance equation for a single crystallite. This will' first be done for a unizcxial ferrite.
The first St~ei is to determine the equiv.alent magnetic field due to the anisotropy.
L.et us consider the crystal-lite sho-wn in Fig. 3 . The C axis is oriented along the 7-direct~ion.
TIhe equilibrium position for the magnetization is narallel to the C axis. When the magnetizatiou is displaced from its equilibrium posit ion by an angle 9,the enerEZ stored is shown in the follovine euaut ion:
where the dirmonsions of EEand 1: aure enera, per unit voltre. K is called the an'iSCtrC7y: con.'utaný. 
We use the notation in Eq. (12) instead of LC to designate thathis is the frecuency at which resonance will occur for given values of Ha, Hx, 11.
Planar Ferriter in determining the eqL-_.alent field due to the anisotropy, Fig. 3 
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Expand.ing the above equation yields
Equating the dc terms in Eq. (18b) to zero yielas We will now assume that if /5 / is less than some chosen value 6 , the crystallite will absorb energy, and so reduce the Q of the cavity. Furthermore, we will make the sinnlifying assizn.rtion that all the crystallites that are criented so that fIP < & absorb an eaual amount of ener~r.
Also, it is assumed that any crystallite that is oriented so that 1c/ >6
will not absorb any energ' from the cavity, and will not affect the cavit:" Q.
The choice of a value for E is somewhat arbitrary.. A value of 200 was chosen for convenience in calculation.
For a particular value of Ho, let qI be the value of at which 6F =+ , and let 2 be the value of (; at which -= -E . For this value of H0, the number of crystallites that will absorb energy is proportional to the angle subtended between the cones defined by u and i.e., to y)CLA-.
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. Thus, the absorrtion and hence tke loss component of the susceptibili " are proportional to the above integral. A •ot of the relative value of "is shmwn in Fig. 1 . Trne abscissa in 'ig. 1 is the shifted biasing field Ho-Hr, where Hr is the field required for rc•'neance for a crystallite oriented in such a way that its easy direction is parallel to the biasing field.
From Fig. 1 , we see that the linewidth is •pro'wZ~tel-,-2303 oersteds. , the linewidth will be proportional to the factor A.
Planar Ferrites
Consider a sphere of nonorLented planar ferrite whose linewidth it is desired to measure.
The biasin.: field Ho is applied along the ZV axis, and the rf magnetic field along the Y' axis.
The biasing field is varied to obtain a resonance curve.
Consider a particular cyrstallite whose C axis is oriented at an angle ) with respect to the Z' Lxis,,as shobmn in Fig. 4 . For the purpose of determining the resonance of this crystallite, it is necessary to express the biasing field in terms of components parallel to or perpendicular to the easy plane.
These correspond, respectively, to Hz 
HC
We nc, proceed in the same manner as we did in the case of the uniaxial ferrites.
For a particular set of values of Ha, H 0 , and L-, there is only one value of ýp) at which exact resonance is obtained.
However, let us
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to v;ar a little on either side of the value at which exact resonancc is obtainec., and determine the d1i4:'erence C (L-'i-u) 1. Pror. Fi. U and 7, we note that for a c -stailite oriented ,thlat its ea~s-rla-e is .arallel to the biasirig field ( .U = 900), the -ic a::a , fie!U rocU-icL for resonance is 2210 oersteds in the case of Fig. 6 nod "C'' oersteds L-. the case of Fig. 7 Plots of the relative absorption are given in Fig. 2 .
The abscissa in Fig. 2 is the shifted biasing field H. -H. where Hr i . the field required for resonance for a crystallite oriented so that its easy plane is parallel to the biasing field. As noted above, Hr = 2210 and 9000 oersteds for the cases where LulG' = 5000 and 12,750 oersteds, respectively.
In the case of uniaxial feriites, it was noted that the linewidth was relatively insensitive to the value of 6 . This is not so in the case of planar ferrites.
For example, for E = 200 oersteds, the line-vidth, as can be seen from Fig. 2 , is 600 oersteds.
However, if 6 were chosen as 100 oersteds, the linewidth would be 400 oersteds.
As in the case of the uniaxial ferrites, Pig. 6 and 7 will also apply 
